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ABSTRACT 

Current  pathogen  detection  systems  lack  the 
stability,  sensitivity,  and  time-independent  functionality 
required  for  real-time  biosensing  in  the  field.  Antibodies 
exhibit  specificity  for  pathogenic  bacteria  but  lack  the 
sensitivity  to  detect  reduced  pathogen  levels  and  the 
stability  needed  for  detection  in  harsh  environments.  We 
are  investigating  naturally  occurring  antimicrobial 
peptides  (AMPs)  for  pathogen  detection  due  to  their 
intrinsic  stability  in  harsh  environments,  ease  of 
synthesis,  and  broad  range  of  activity  and  affinity 
towards  microorganisms,  including  gram-negative  and 
gram-positive  bacteria.  The  focus  of  our  research  is  the 
tailoring  of  AMPs  not  for  antimicrobial  activity  but  for 
selective  binding  to  target  pathogenic  bacteria.  We 
envision  these  tailored  peptides  will  replace  existing 
molecular  recognition  elements  in  current  pathogen 
detection  platforms.  Preliminary  studies  encompassed 
six  full-length  peptides  (pleurocidin,  cecropin  PI,  PGQ, 
cecropin  A,  ceratotoxin  A,  and  SMAP-29)  chemically 
synthesized  with  the  addition  of  a  c-terminal  cysteine  for 
site-directed  immobilization  onto  a  maleimide  reactive 
plate  and  subsequent  determination  of  whole  cell¬ 
binding.  Shorter  peptide  fragments  of  the  native  AMPs 
were  also  investigated  to  assess  the  putative 
discriminatory  binding  affinity  for  the  gram-negative 
food  pathogen  Escherichia  coli  0157:H7.  All  six  full- 
length  peptides  preferentially  bound  to  E.  coli  0157:H7 
over  gram-positive  Staphylococcus  aureus  27217 .  In 
addition,  two  fragments  exhibited  equivalent  or  greater 
affinity  than  their  corresponding  full-length  peptides 
identifying  potential  E.  coli  0157:H7  bacterial  binding 
domains  within  the  full-length  AMPs.  The  ability  to 
impart  selectivity  of  antimicrobial  peptides  is  an 
important  initial  step  toward  developing  selective 
peptides  for  use  in  applications  such  as  homeland 
security,  food  safety,  drug  therapeutics,  and  water 
monitoring. 


1.  INTRODUCTION 

Current  emphasis  on  homeland  defense,  the  Army 
capability  requirements  for  detection  of  CB  agents,  and 
improved  food  safety  has  established  a  need  for  the 
development  of  more  durable,  robust  biological  sensors. 
In  particular,  hundreds  of  food-borne  pathogens  have 
been  isolated  and  shown  to  cause  illnesses,  and  in  some 
cases,  death  (Mead  et  al.,  1999).  Contamination  of  the 


food  supply  is  an  ongoing  civilian  and  military  threat 
with  the  need  for  early  and  real-time  detection  systems. 
Antibodies  are  the  predominant  recognition  elements  for 
current  food  and  environmental  detection  systems  due  to 
their  specificity  for  pathogenic  bacteria;  however, 
antibodies  lack  the  sensitivity  to  detect  reduced  pathogen 
levels  and  the  stability  needed  for  detection  in  harsh 
environments  or  complex  food  matrices.  To  overcome 
these  inefficiencies,  naturally  occurring  antimicrobial 
peptides  (AMPs)  are  being  investigated  for  their 
potential  development  as  molecular  recognition  elements 
for  real-time  biosensing  systems. 

Hundreds  of  antimicrobial  peptides  have  been 
discovered  and  their  structure/activity  relationships 
investigated  classifying  the  majority  of  the  peptides  into 
several  groups,  all  of  (Boman,  1995;  Maloy  and  Kari, 
1995)  which  exhibit  a  broad  range  of  antimicrobial 
activity  and  binding  affinity  toward  gram-negative  and 
gram-positive  bacteria,  fungi,  and  viruses  (Nicolas  and 
Mor,  1995).  Linear  cationic  peptides  are  of  particular 
interest  due  to  their  small  molecular  size  and  intrinsic 
stability  generally  exhibiting  random  structure  in 
solution  then  forming  an  amphipathic  a-helical  structure 
upon  interaction  with  a  bacterial  membrane  (Bevins  and 
Zasloff,  1990;  Boman  et  al.,  1991;  Tossi  et  al.,  2000). 
Extensive  research  has  been  performed  attempting  to 
elucidate  the  mechanism  of  interaction  of  amphipathic 
helical  peptides.  Cecropins,  in  particular,  have  been  a 
major  focus  revealing  a  “carpet”  mechanism  in  which 
peptide  monomer  blankets  negatively  charged  lipid 
headgroups  of  the  bacterial  membranes  and  subsequently 
lyse  the  cell  through  membrane  disintegration  (Gazit  et 
al.,  1995)  or  pore  formation  (Christensen  et  al.,  1988). 
The  formation  of  a  surface  monolayer  does  not  directly 
correlate  to  antimicrobial  activity.  It  has  been  shown 
that  peptides  interact  with  bacteria  in  which  no  activity 
has  been  detected  (Steiner  et  al.,  1988).  This 
phenomenon  is  the  basis  for  our  investigation  into  AMPs 
as  molecular  recognition  elements.  We  aim  to  better 
understand  how  the  physical  and  chemical  properties  of 
both  the  cell  and  peptide  influence  specific  binding  and 
selectivity. 

Before  realizing  the  benefits  of  AMPs  as  molecular 
recognition  elements  within  pathogen  detection 
platforms,  the  broad  affinity  must  be  tailored  for 
selective  binding  to  target  pathogens.  We  investigated 
modified  full-length  amphipathic  AMPs  for  their 
discriminatory  binding  behavior  to  the  emerging  food 
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pathogen  Escherichia  coli  0157:H7.  The  ability  to 
impart  selectivity  of  antimicrobial  peptides  is  an 
important  initial  step  toward  developing  selective 
peptides  for  use  in  applications  such  as  homeland 
security,  food  safety,  drug  therapeutics,  and  water 
monitoring. 
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2.  MATERIALS  AND  METHODS 

2.1  Cell  growth 

Escherichia  coli  0157:H7  ATCC  43888  and 
Staphyloccocus  aureus  ATCC  27217  cells  from  frozen 
stocks  were  grown  in  luria  and  nutrient  broth 
respectively  to  108  cfu/ml.  For  affinity  assays  only,  cells 
were  pelleted,  washed  twice  and  resuspended  in  1  ml 
PBS  pH7.2  per  ml  culture 

2.2  Antimicrobial  peptide  binding  affinity 

A  whole  cell  binding  assay  (Fig.  1)  was  developed 
utilizing  full-length  peptides  pleurocidin  (Cole  et  al., 
1997),  cecropin  PI  (Lee  et  al.,  1989),  PGQ  (Moore  et  al., 
1991),  cecropin  A  (Sun  et  al.,  1998),  ceratotoxin  A 
(Marchini  et  al.,  1993),  and  SMAP-29  (Bagella  et  al., 
1995)  (Table.  1)  and  selected  peptide  fragments 
synthesized  via  FMOC  solid  phase  peptide  synthesis 
with  the  addition  of  a  c-terminal  cysteine  for  site- 
directed  immobilization  onto  a  maleimide  reactive  plate. 
A  final  concentration  of  250  pg/ml  of  each  peptide  was 
used  for  immobilization.  Wells  were  washed  with  PBS 
and  blocked  with  0.2%  non-fat  dry  milk  for  30  minutes. 
PBS  washed  cells  were  added  to  blocked  wells 
containing  immobilized  peptide  for  1.5  hours  at  25°C 
with  gentle  agitation  at  750  rpm.  Horseradish  peroxidase 
(HRP)-conjugated  polyclonal  antibodies  for  E.  coli 
0157:H7  and  S.  aureus  (general  species)  respectively 
were  diluted  1:1000  with  10%  fetal  bovine  serum  in  PBS 
pH7.2  and  added  to  washed  wells  for  one  hour  at  25°C 
with  gentle  agitation.  Antibody  solution  was  decanted 
and  wells  were  washed  prior  to  the  addition  of  a  2- 
component  TMB  peroxidase  substrate  system  mixed  1:1. 
Color  development  was  analyzed  at  an  absorbance  of 
650nm  after  30  minute  incubation. 

2.3  Antimicrobial  Activity 

Inhibitory  assays  were  performed  to  determine  the 
minimal  inhibitory  concentration  (MIC)  of  the  full- 
length  peptides  and  selected  peptide  fragments.  Peptides 
were  serial  diluted  and  added  to  non-binding  sterile 
microplates  in  triplicate.  E.  coli  0157:H7  culture  was 
diluted  to  105cfu/ml  and  added  to  microplate  wells. 
Growth  was  measured  at  t=0  and  t=overnight  (approx.  1 8 
hours)  at  an  absorbance  of  595nm.  The  MIC 


Fig.  1  Schematic  of  whole  cell  binding  assay.  Peptides 
were  diluted  to  a  concentration  of  250  ug/ml.  E.  coli 
serotype  0157:H7  (ATCC  43888)  and  &  aureus  (ATCC 
27217)  were  grown  to  mid-log.  Horseradish  peroxidase 
(HRP)-conjugated  polyclonal  antibodies  for  E.  coli 
0157:H7  and  S.  aureus  (general  species)  were  diluted 
1 : 1 000.  Color  development  was  measured  at  absorbance 
of  650nm  after  30  minutes  incubation. 


is  the  lowest  concentration  of  peptide  at  which  no 
bacterial  growth  was  present. 

3.  RESULTS  &  DISCUSSION 
3.1  Full-length  AMP  Binding  Specificity 

A  common  misconception  is  that  antimicrobial 
peptide  binding  affinity  and  antimicrobial  activity  are 
synonymous.  In  fact,  binding  is  a  precursor  to 
antimicrobial  activity  (Blondelle  et  al.,  1999)  but  they  do 
not  directly  correlate.  As  previously  mentioned, 
antimicrobial  peptides  bind  to  bacterial  cells  in  which 
they  show  no  activity.  This  suggests  that  antimicrobial 
peptides  exhibit  a  broader  binding  affinity  than 
antimicrobial  activity. 

The  majority  of  peptide  research  has  focused  on 
mechanism  discovery  and  tailoring  AMPs  for  enhanced 
potency  (Soares  and  Mello,  2003).  Our  focus  is  not  on 
antimicrobial  activity  but  on  tailoring  AMPs  to 
preferentially  bind  to  target  pathogenic  bacteria. 
Cystine-derivatized  full-length  peptides  pleurocidin, 
cecropin  PI,  PGQ,  cecropin  A,  ceratotoxin  A,  and 
SMAP-29  were  analyzed,  via  a  whole  cell  binding  assay, 
for  their  discriminatory  binding  affinity  for  the 
pathogenic  gram-negative  bacteria  E.  coli  0157:H7. 
Cecropin  PI  and  PGQ  exhibited  the  greatest  affinity  for 
E.  coli  0157:H7  while  SMAP-29,  ceratotoxin  A, 
pleurocidin,  and  cecropin  A  exhibited  decreasing  affinity 
respectively.  All  of  the  full-length  peptides  exhibited 
preferential  binding  of  the  gram-negative  food  pathogen 
E.  coli  0157:H7  versus  gram-positive  S.  aureus  27217 
(Fig  2).  The  dissimilar  cell  wall  components  of  gram¬ 
negative  and  gram-positive  bacteria  are  most  likely 
responsible  for  the  observed  binding  selectivity. 
Negatively  charged  lipopoly saccharide  in  the  outer  layer 
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ANTIMICROBIAL  PEPTIDES  AND  AMINO  ACID  SEQUENCES 


Antimicrobial  peptide 

Amino  Acid  Sequence 

pleurocidin 
cecropin  P 1 

PGQ 

ceratotoxin  A 
cecropin  A 

SMAP-29 

1  12  25 

GW  GSFFKKA  AH  V  GKH  V  GKA  ALTH  YLC 

SWLSKTAKKLENSAKKRISEGIAIAIQGGPRC 

GVLSNVIGYLKKLGTGALNAVLKQC 

SIGSALKKALPVAKKIGKIALPIAKAALPC 

GGLKKLGKKLEGVGKRVFKASEKALPVAVGIKALGC 

RGLRRLGRKI AHGVKKY  GPT  VLRIIRI AGC 

Table  1.  Full-length  antimicrobial  peptide  (AMP)  sequences.  Peptides  were  synthesized  with  cysteine  at  the  c- 
terminus  for  site-directed  immobilization  onto  reactive  surfaces. 


of  a  gram-negative  cell  is  thought  to  be  the  AMP  binding 
target  (Piers  et  al.,  1994;  Rana  and  Blazyk,  1991; 
Tsubery  et  al.,  2002).  Gram-positive  bacteria  do  not 
contain  LPS  and  thus  do  not  readily  bind  to  the  AMPs 
tested. 

The  full-length  peptides  were  modified  with  the 
addition  of  a  c-terminal  cysteine.  Although  it  is  unlikely 
that  a  single  cysteine  residue  would  have  a  significant 
impact  on  structure,  the  immobilization  of  the  peptide  to 
a  surface  may  constrain  the  peptide  structure.  Since 
structure/function  studies  have  not  been  conducted 
relative  to  binding  affinity,  some  information  may  be 
translated  to  these  studies  from  the  extensive  analyses 
performed  on  enhancing  antimicrobial  activity.  Andreu 
et  al.  created  a  series  of  n-terminal  analogues  of  insect 
cecropin  A  substituting  amino  acids  with  helix 
promoting,  helix  forming,  and  helix  breaking  amino  acid 
residues  (Andreu  and  Merrifield,  1985).  Although  it  was 
difficult  to  correlate  the  degree  of  helicity  with 
antimicrobial  activity,  certain  amino  acid  replacements 
significantly  decreased  antimicrobial  activity.  Abler  et 
al.  investigated  magainin  II,  a  cationic  helical  AMP, 
through  alanine  substitutions  allowing  for  the  formation 
of  more  stable  helices  (Abler  et  al.,  1995).  The 
analogue,  magainin  II  amide,  displayed  enhanced 
activity  showing  alanine  substitutions  had  an  affect  on 
the  secondary  structure  and  thus  the  behavior  of  the 
peptide. 


3.2  Fragmental  AMP  Binding  Specificity 

An  entire  AMP  sequence  may  not  be  required  for 
selective  binding  to  bacterial  cells.  In  fact,  several 
reports  suggest  a  native  antimicrobial  peptide  sequence 
has  multiple  domains  each  contributing  in  a  different 
manner.  In  an  extensive  analysis  of  insect  cecropin  B, 
researchers  created  n-terminal  and  c-terminal  analogues 
to  investigate  the  role  of  amphipathic  structure  upon 
antimicrobial  activity  (Chan  et  al.,  1998).  Modification 


of  the  n-terminus  negated  all  antimicrobial  affects  while 
substitutions  within  the  c-terminus  had  little  to  no  effect 
on  potency.  This  suggests  the  n-terminus  is  essential  for 
activity  while  the  c-terminus  is  not.  Extensive 
investigation  of  insect  cecropin  A  and  corresponding 
analogues  elucidated  that  different  bacteria  may  in  fact 
selectively  interact  with  dissimilar  portions  of  the  peptide 
(Andreu  and  Merrifield,  1985). 

Revealing  the  bacterial  binding  domains  of  full- 
length  AMPs  is  required  to  identify  regions  suitable  for 
tailoring  specificity.  In  addition,  development  of  short 
peptides  with  equivalent  or  enhanced  affinity  and 
selectivity  for  target  bacteria,  compared  to  full-length 
peptides,  will  lead  to  ease  of  commercial  production. 
Full-length  PGQ  and  pleurocidin  were  fragmented  to 
elucidate  portions  of  the  native  sequence  responsible  for 


Fig  2.  Full  length  AMP  specificity  for  Gram-negative 
bacteria.  All  six  full-length  peptides  tested  exhibited 
preferential  binding  for  the  gram-negative  E.  coli 
0157:H7  versus  the  gram-positive  S.  aureus.  PL_c  = 
pleurocidin;  CPl  c  =  cecropin  PI;  PGQ  c  =  PGQ; 
CTAc  =  ceratotoxin  A;  CP  Ac  =  cecropin  A;  SMAPc 
=  SMAP-29.  Solid  bar  =  Gram-negative  E.  coli 
0157:H7;  Lined  bar  =  Gram-positive  S.  aureus 
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binding  to  E.  coli  0157:H7.  The  fragments  were 
rationally  designed  to  encompass  the  entire  full-length 
peptide  sequence  and  overlap  at  amino  acid  residues 
known  to  be  essential  in  activity  analyses.  Peptide 
fragments  pleurocidin  1  (PL_l_c)  and  PGQ  2 
(PGQ_2_c)  both  exhibited  affinity  equivalent  to  or 
greater  than  their  corresponding  full-length  peptides. 
When  compared  to  the  fragments  encompassing  the  rest 
of  the  native  sequences,  PL_l_c  and  PGQ_2_c  are 
identified  as  E.  coli  0157:H7  binding  domains  (Fig  3). 
To  further  verify  the  gram-negative  pathogenic  binding 
domain,  the  fragments  were  investigated  for  their 
discriminatory  binding  ability  for  E.  coli  0157:H7  versus 
gram-positive  S.  aureus.  PL_l_c  and  PGQ_2_c  both 
displayed  preferential  binding  for  E.  coli  0157:H7  (Fig 
3).  Interestingly,  pleurocidin  fragment  3  (PL_3_c)  and 
pleurocidin  fragment  4  (PL_4_c)  both  exhibited  greater 
affinity  for  S.  aureus  than  E.  coli  0157:H7  although 
minimal  affinity  is  observed.  Further  investigation  is 
needed  to  determine  if  sequence  modifications  may 
enhance  the  preference  of  these  respective  fragments  for 
S.  aureus. 

It  is  extremely  difficult  at  this  point  to  elucidate 
essential  amino  acids  required  for  binding  of  a  target 
bacteria  since  the  quantity  of  data  does  not  yet  exist. 
Although,  the  extensive  structure/function  analyses  for 
antimicrobial  activity  may  be  leveraged  to  begin 
investigating  which  amino  acids  may  be  required  for 
binding.  Several  amino  acids  have  been  elucidated  as 
essential  for  a  peptide  to  exhibit  antimicrobial  activity 
including  tryptophan  and  arginine  residues  (Andreu  and 
Merrifield,  1985;  Kragol  et  al.,  2002).  AMPs  developed 
through  mimicking  the  LPS-binding  sites  of  the  LPS 
binding  protein  family  were  tailored  through  arginine 
substitutions  to  exhibit  preferential  activity  for  a  non- 
pathogenic  E.  coli  versus  gram-positive  S.  aureus  (Muhle 
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PGQ_c  PGQ_2_c  PGQ_3_c 


and  Tam,  2001).  In  addition,  short  peptides  (5-1 1  amino 
acids)  consisting  of  just  tryptophan  and  arginine  residues 
have  been  designed  to  show  potent  antimicrobial  activity 
regardless  of  order  of  the  residues  (Strom  et  al.,  2002). 
PL_l_c  is  the  only  fragment  of  the  native  full-length 
pleurocidin  sequence  to  include  a  tryptophan  residue. 
PL_3_c,  which  showed  no  affinity  for  E.  coli  0157:H7, 
is  an  overlapping  fragment  of  PL_l_c.  The  fragments 
overlap  at  all  but  the  first  five  n-terminal  amino  acids, 
which  contains  the  tryptophan  residue  at  position  2.  The 
enhanced  binding  results  from  PL_l_c  may  be  dependent 
upon  just  the  first  five  amino  acids  of  that  fragment. 
Analyses  are  underway  to  further  investigate  the 
importance  of  tryptophan  for  cell  binding  studies. 

3.3  Antimicrobial  Activity 

Our  primary  focus  is  the  tailoring  of  antimicrobial 
peptide  binding  affinity.  However,  these  peptides  may 
have  application  as  decontaminating  agents  as  well.  In 
order  to  tailor  the  binding  affinity  of  the  bacteria, 
modifications  will  be  made  to  the  sequence  thus 
potentially  altering  the  antimicrobial  activity  effects. 
Preliminary  experiments  were  conducted  to  determine  if 
current  modifications  have  adversely  affected  the  known 
antimicrobial  activities. 

To  demonstrate  what  affect  the  sequence 
modifications  had  on  activity,  full-length  cysteine- 
derivatized  peptides  pleurocidin,  cecropin  PI,  PGQ,  and 
ceratotoxin  A  were  evaluated  for  their  MIC  against  E. 
coli  0157:H7  (Table  2).  The  cysteine  residue  had 
varying  affects  on  the  antimicrobial  activity  although  it 
was  difficult  to  compare  since  non-derivatized  peptide 
activity  against  E.  coli  0157:H7  is  not  readily  available. 
Cecropin  PI  analogs,  through  alteration  of  amino  acid 
sequence,  charge,  or  helicity,  has  been  shown  to  affect 
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PL  c  PL_1_c  PL_2  c  PL  3  c  PL_4_c 


Fig  3.  Peptide  fragments  binding  affinity  for  gram-negative  E.  coli  0157:H7  and  gram-positive  S.  aureus.  A).  PGQ,  B) 
pleurocidin.  PGQ_2_c  and  PL_l_c  were  identified  as  E.  coli  0157:H7  bacterial  binding  domains,  which  were  verified 
after  both  fragments  preferentially  bound  the  gram-negative  bacteria  versus  gram-positive  S.  aureus. 
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activity  against  non-pathogenic  E.  coli  strains.  This  is  in 
concurrence  with  the  cysteine-derivatized  cecropin  PI, 
which  negatively  impacted  activity  as  MIC  decreased 
from  1-2  ug/ml  (Lee  et  ah,  1989;  Vunnam  et  ah,  1997)  to 
6.5  ug/ml.  The  cysteine  residue  had  the  opposite  affect 
on  pleurocidin  although  minimal  increase  in  activity  was 
seen.  Non-derivatized  pleurocidin  MIC  varies  from  5.8- 
8.8  ug/ml  (Cole  et  al.,  1997)  while  the  cysteine- 
derivatized  pleurocidin  exhibited  increased  activity  to  4.5 
ug/ml.  This  minimal  affect  could  be  attributed  to  the 
difference  in  bacterial  strains  or  growth  media  rather 
than  any  sequence  or  charge  induced  structural  changes 
although  it  is  currently  unknown.  Ceratotoxin  A  and 
PGQ  are  known  to  exhibit  poor  activity  versus  all  gram¬ 
negative  bacteria  with  non-derivatized  MIC  values  of  20 
and  62-250  ug/ml  respectively  (Marri  et  al.,  1996;  Moore 
et  al.,  1991)  against  non-pathogenic  E.  coli  strains.  The 
cysteine  derivatized  ceratotoxin  A  and  PGQ  exhibited 
much  enhanced  activity  against  E.  coli  0157:H7  as  MIC 
was  improved  to  5  and  20  ug/ml  respectively. 

Two  peptide  fragments  were  also  analyzed  for 
activity  against  E.  coli  0157:H7  (Table  2).  PL_l_c 
exhibited  slightly  less  activity  (MIC  =11  ug/ml)  than  the 
corresponding  full-length  pleurocidin  but  was  still 
relatively  active  against  E.  coli  0157:H7.  These  data 
suggest  that  the  active  site  of  pleurocidin  resides  in  the  n- 
terminus,  which  includes  a  tryptophan  residue  at  position 
2.  PGQ_2_c  fragment  displayed  a  substantial  decrease 
in  potency  as  the  MIC  was  reduced  from  20  ug/ml  for  the 
full-length  PGQ  to  >100  ug/ml  for  the  fragment. 

The  development  of  the  fragments  was  expected  to 
potentially  effect  activity  due  to  the  size  reduction  and 
the  potential  separation  of  essential  portions  of  the 
sequence  for  binding  and  subsequent  lysis.  Similar  to 
reports  regarding  short  model  peptides  against  E.  coli 
0157:H7  (Appendini  and  Hotchkiss,  1999;  Appendini 
and  Hotchkiss,  2000),  the  sequence  length  of PL_l_c  did 
not  adversely  affect  activity.  It  is  not  known  which 
portions  of  the  native  AMP  sequences  are  responsible  for 
cell  penetration  and  lysis  but  it  appears  the  full-length 
pleurocidin  active  site  may  be  at  the  n-terminus.  Non- 
derivatized  PGQ  exhibits  poor  activity  against  gram¬ 
negative  bacteria  but  upon  an  addition  of  a  c-terminal 
cysteine  residue,  activity  increases  dramatically.  Cleary 
more  evidence  is  needed  to  verify  the  effects  of  charge 
and  amphipathic  structure  upon  these  peptides. 

The  premise  of  activity  and  affinity  not  directly 
correlating  to  one  another  can  be  seen  in  the  peptides 
analyzed.  Full-length  cysteine  derivatized  ceratotoxin  A 
exhibited  reduced  affinity  for  E.  coli  0157:H7  but  was 
more  active  than  PGQ,  which  exhibited  much  higher 
affinity.  The  most  astounding  evidence  is  with 
PGQ_2_c,  which  displayed  the  overall  greatest  affinity 
for  E.  coli  0157:H7  but  by  far  the  worst  antimicrobial 


AMP  ACTIVITY  AGAINST  E.  COLI  0157 :H7 


Cystine-derivatized  AMP 

MIC  (ug/ml) 

Full-length 

pleurocidin 

4.5 

cecropin  PI 

6.5 

PGQ 

20 

ceratotoxin  A 

5 

Fragments 

PL  1  c 

11 

PGQ_2_c 

>100 

Table  2.  Cysteine  derivatized  peptide  and  peptide 
fragmental  antimicrobial  activity  against  the  food 
pathogenic,  coli  0157:H7  using  a  microdilution  assay 


activity.  Clearly  there  is  some  relation  between  affinity 
and  activity  as  seen  with  the  pleurocidin  1  fragment 
having  enhanced  affinity  and  similar  activity  to  the  full- 
length  pleurocidin,  but  still  evidence  suggest  affinity  and 
activity  do  not  always  directly  correlate.  A  peptides’ 
broader  affinity  opens  opportunities  for  use  in 
applications  other  than  killing  microorganisms. 


4.  CONCLUSION 

The  majority  of  research  concentrates  on  tailoring  or 
enhancing  antimicrobial  activity  for  development  of 
peptide  antibiotics  or  decontamination.  Our  focus  is  on 
antimicrobial  binding  affinity,  which  does  not  always 
directly  correlate  with  antimicrobial  activity.  AMPs 
broad  affinity,  environmental  stability,  and  durability 
make  them  candidates  for  use  as  molecular  recognition 
elements  in  pathogen  detection  platforms.  Full-length 
and  fragmental  AMP  preference  for  the  gram-negative 
food  pathogen  E.  coli  0157:H7  versus  gram-positive  S. 
aureus  is  an  initial  step  in  the  discovery  of  peptides  for 
recognition  applications.  Differentiating  between  two 
gram-negative  bacteria  will  be  much  more  challenging 
due  to  the  cell  wall  similarities  of  the  bacteria  with  the 
difficulty  increasing  even  more  upon  bacterial  strain 
differentiation  (pathogenic  vs.  non-pathogenic). 
Investigation  of  environmental  factors  such  as  salt, 
temperature,  and  pH  upon  binding  affinity  will  also  be 
required  before  realizing  peptide  advantages  in 
biosensing  applications. 

Although  further  investigations  of  the  full-length 
peptides  and  the  designed  fragments  are  needed,  the 
potential  exists  for  the  development  of  peptides  or 
peptide  hybrids  for  enhanced  functions.  Identification  of 
crucial  amino  acids  and  binding  domains  is  the 
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beginning  steps  of  developing  peptides  as  molecular 
recognition  elements.  The  ability  to  discriminate  between 
bacteria  is  essential  for  peptide-based  molecular 
recognition  elements  in  a  pathogen  detection  platform 
since  there  is  an  abundance  of  interfering  bacteria  in  a 
soldier’s  environment.  With  the  current  emphasis  on 
homeland  defense  and  the  Army  capability  requirements 
for  detection  of  CB  warfare  agents,  the  durability  of 
these  peptides  may  allow  for  the  development  of 
biological  threat  detection  systems  for  incorporation  as 
soldier-uniform  embedded  sensors.  In  addition,  the 
development  of  selective  peptides  may  have  potential  use 
in  applications  such  as  food  safety,  drug  therapeutics, 
and  water  monitoring. 


ACKNOWLEDGEMENTS 

We  thank  Jennifer  Burzycki  for  efforts  on  peptide 
development.  Also,  we  would  like  to  thank  Steve 
Arcidiacono  for  in-depth  discussion  and  direction  as  well 
as  Dr.  Andre  Senecal  for  the  ongoing  support  of  the 
biotechnology  program  at  RDECOM  in  Natick, 
Massachusetts. 


REFERENCES 

Abler,  L.  A.,  Klapes,  N.  A.,  Sheldon,  B.  W.  and 
Klaenhammer,  T.  R.,  1995:  Inactivation  of  Food- 
borne  Pathogens  with  Magainin  Peptides,  Journal  of 
Food  Protection ,  58,  381-388. 

Andreu,  D.  and  Merrifield,  R.  B.,  1985:  N-Terminal 
Analogues  of  Cecropin  A:  Synthesis,  Antibacterial 
Activity,  and  Conformational  Properties, 
Biochemistry ,  24,  1683-1688. 

Appendini,  P.  and  Hotchkiss,  J.  H.,  1999:  Antimicrobial 
activity  of  a  14-residue  peptide  against  Escherichia 
coli  0157:H7,  Journal  of  Applied  Microbiology ,  87, 
750-756. 

Appendini,  P.  and  Hotchkiss,  J.  H.,  2000:  Antimicrobial 
Activity  of  a  14-Residue  Synthetic  Peptide  against 
Foodbome  Microorganisms,  Journal  of  Food 
Protection ,  63,  889-893. 

Bagella,  L.,  Scocchi,  M.  and  Zanetti,  M.,  1995:  cDNA 
sequences  of  three  sheep  myeloid  cathelicidins, 
FEES  Letters,  376,  225-228. 

Bevins,  C.  L.  and  Zasloff,  M.,  1990:  Peptides  From  Frog 
Skin,  Annual  Reviews  of  Immunology,  59,  395-414. 

Blondelle,  S.  E.,  Lohner,  K.  and  Aguilar,  M.-I.,  1999: 
Lipid-induced  conformation  and  lipid-binding 
properties  of  cytolytic  and  antimicrobial  peptides: 
determination  and  biological  specificity,  Biochimica 
et  Biophysica  Acta,  1462,  89-108. 

Boman,  H.  G.,  1995:  Peptide  antibiotics  and  their  role  in 
innate  immunity,  Annual  Reviews  of  Immunology, 
13,  61-92. 


Boman,  H.  G.,  Faye,  I.,  Gudmundsson,  G.  H.,  Lee,  J.-Y. 
and  Lidholm,  D.-A.,  1991:  Cell-free  immunity  in 
Cecropia.  A  model  system  for  antibacterial  proteins, 
European  Journal  of  Biochemistry,  201,  23-31. 

Chan,  S.  C.,  Yau,  W.  L.,  Wang,  W.,  Smith,  D.  k.,  Sheu, 
F.-S.  and  Chen,  H.  M.,  1998:  Microscopic 

Observations  of  the  Different  Morphological 
Changes  Caused  by  Anti-bacterial  Peptides  on 
Klebsiella  Pneumoniae  and  HL-60  Leukemia  cells, 
Journal  of  Peptide  Science,  4,  413-425. 

Christensen,  B.,  Fink,  J.,  Merrifield,  R.  B.  and 
Mauzerall,  D.,  1988:  Channel-forming  properties  of 
cecropins  and  related  model  compounds 
incorporated  into  planar  lipid  membranes, 
Proceedings  of  the  National  Academy  of  Sciences, 
85,  5072-5076. 

Cole,  A.  M.,  Weis,  P.  and  Diamond,  G.,  1997:  Isolation 
and  Characterization  of  Pleurocidin,  an 
Antimicrobial  Peptide  in  the  Skin  Secretions  of 
Winter  Flounder,  The  Journal  of  Biological 
Chemistry,  272,  12008-12013. 

Gazit,  E.,  Boman,  A.,  Boman,  H.  G.  and  Shai,  Y.,  1995: 
Interaction  of  the  Mammalian  Antibacterial  Peptide 
Cecropin  PI  with  Phospholipid  Vesicles, 
Biochemistry,  34,  1 1479-1 1488. 

Kragol,  G.,  Hoffman,  R.,  Chattergoon,  M.  A.,  Lovas,  S., 
Cudic,  M.,  Bulet,  P.,  Condie,  B.  A.,  Rosengren,  K. 
J.,  Montaner,  L.  J.  and  jr.,  L.  O.,  2002:  Identification 
of  crucial  residues  for  the  antibacterial  activity  of  the 
proline-rich  peptide,  pyrrhocoricin,  European 
Journal  of  Biochemistry ,  269,  4226-4237. 

Lee,  J.-Y.,  Boman,  A.,  Chuanxin,  S.,  Andersson,  M., 
Jornvall,  H.,  Mutt,  V.  and  Boman,  H.,  1989: 
Antibacterial  peptides  from  pig  intestine:  Isolation 
of  a  mammalian  cecropin,  Proceedings  of  the 
National  Academy  of  Sciences,  86,  9159-9162. 

Maloy,  W.  L.  and  Kari,  U.  P.,  1995:  Structure- Activity 
Studies  on  Magainins  and  Other  Host  Defense 
Peptides,  Biopolymers,  37,  105-122. 

Marchini,  D.,  Giordano,  P.  C.,  Amons,  R.,  Bernini,  L.  F. 
and  Dallai,  R.,  1993:  Purification  and  primary 
structure  of  ceratotoxin  A  and  B,  two  antibacterial 
peptides  from  the  female  reproductive  accessory 
glands  of  the  medfly  Ceratitis  capitata 
(insecta:Diptera),  Insect  Biochemistry  and 
Molecular  Biology,  23,  591-598. 

Marri,  L.,  Dallai,  R.  and  Marchini,  D.,  1996:  The  Novel 
Antibacterial  Peptide  Ceratotoxin  A  Alters 
Permeability  of  the  Inner  and  Outer  Membrane  of 
Escherichia  coli  K-12,  Current  Microbiology,  33, 
40-43. 

Mead,  P.  S.,  Slutsker,  L.,  Dietz,  V.,  McCaig,  L.  F., 
Bresee,  J.  S.,  Shapiro,  C.,  Griffin,  P.  M.  and  Tauxe, 
R.  V.,  1999:  Food-Related  Illness  and  Death  in  the 
United  States,  Emerging  Infectious  Diseases,  5,  607- 
625. 


6 


Moore,  K.  S.,  Bevins,  C.  L.,  Brasseur,  M.  M.,  Tomassini, 
N.,  Turner,  K.,  Eck,  H.  and  Zasloff,  M.,  1991: 
Antimicrobial  Peptides  in  the  Stomach  of  Xenopus 
laevis ,  The  Journal  of  Biological  Chemistry ,  266, 
19851-19857. 

Muhle,  S.  A.  and  Tam,  J.  P.,  2001:  Design  of  Gram- 
Negative  Selective  Antimicrobial  Peptides, 
Biochemistry ,  40,  5777-5785. 

Nicolas,  P.  and  Mor,  A.,  1995:  Peptides  as  Weapons 
Against  Microorganisms  in  the  Chemical  Defense 
System  of  Vertebrates,  Annual  Reviews  of 
Microbiology ,  49,  277-304. 

Piers,  K.  L.,  Brown,  M.  H.  and  Hancock,  R.  E.  W.,  1994: 
Improvement  of  Outer  Membrane-Permeabilizing 
and  Lipopoly saccharide-Binding  Activities  of  an 
Antimicrobial  Cationic  Peptide  by  C-terminal 
Modification,  Antimicrobial  Agents  and 
Chemotherapy ,  38,  23 1 1-2316. 

Rana,  F.  R.  and  Blazyk,  J.,  1991:  Interactions  between 
the  antimicrobial  peptide,  magainin  2,  and 
Salmonella  typhimurium  lipopolysaccharides,  FEBS 
Letters ,  293,  11-15. 

Soares,  J.  W.  and  Mello,  C.  M.,  2003:  Antimicrobial 
Peptides:  A  Review  of  How  Peptide  Structure 
Impacts  Antimicrobial  Activity,  Proceeding,  5271 
(Monitoring  Food  Safety,  Agriculture,  and  Plant 
Health ),  Providence,  RI,  SPIE-The  International 
Society  for  Optical  Engineering  (USA),  20-27 . 


Steiner,  H.,  Andreu,  D.  and  Merrifield,  R.  B.,  1988: 
Binding  and  action  of  cecropin  and  cecropin 
analogues:  antibacterial  peptides  from  insects, 
Biochimica  et  Biophysica  Acta,  1988,  260-266. 

Strom,  M.  B.,  Rekdal,  O.  and  Svendsen,  J.  S.,  2002: 
Antimicrobial  Activity  of  Short  Arginine-  and 
Tryptophan-rich  Peptides,  Journal  of  Peptide 
Science ,  8,  431-437. 

Sun,  D.,  Eccleston,  E.  D.  and  Fallon,  A.  M.,  1998: 
Peptide  Sequence  of  an  Antibiotic  Cecropin  from 
the  Vector  Mosquito,  Aedes  albopictus ,  Biochemical 
and  Biophysical  Research  Communications ,  249, 
410-415. 

Tossi,  A.,  Sandri,  L.  and  Giangaspero,  A.,  2000: 
Amphipathic,  a-Helical  Antimicrobial  Peptides, 
Biopolymers ,  55,  4-30. 

Tsubery,  H.,  Ofek,  I.,  Cohen,  S.,  Eisenstein,  M.  and 
Fridkin,  M.,  2002:  Modulation  of  the  Hydrophobic 
Domain  of  Polymyxin  B  Nonapeptide:  Effect  on 
Outer-Membrane  Permeabilization  and 

Lipopoly  saccharide  Neutralization,  Molecular 
Pharmacology ,  62,  1036-1042. 

Vunnam,  S.,  Juvvadi,  P.  and  Merrifield,  R.  B.,  1997: 
Synthesis  and  antibacterial  action  of  cecropin  and 
proline-arginine-rich  peptides  from  pig  intestine, 
Journal  of  Peptide  Research,  49,  59-66. 


7 


